Maximal revival of heat-damaged Escherichia coli occurred in nutrient media containing 0.8 to 1.0% (w/v) of Difco yeast extract. Vitamins did not appear to be involved in the recovery process. The situation with amino acids was less clear-cut, and, although certain of these may be essential for revival, proof for this is as yet inconclusive. Replica plating, in which colonies (from cells which had survived a heating process) on a rich medium were replicated onto minimal agar, revealed that no auxotrophic mutants had been formed as a result of heat treatment. Ba cteria which were heated in 1 % (w/v) yeast extract were killed more slowly than those heated in water.
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In recent years, there have been several reports dealing with the revival of bacteria damaged by chemical and physical means (9, 16) . The composition and pH of the recovery medium and the temperature of incubation affect the recovery of bacteria damaged by phenol (9, 12) , heat (1, 8, 15, 19; F. E. Nelson, Bacteriol. Proc., p. 40, 1956), and irradiation (2, 18) . Thermally injured bacteria require an enriched medium for optimal revival (8, 15) , and Amaha (3) found that the apparent extinction time of spores of Bacillus natto was doubled when broth containing yeast extract was used in place of broth alone as a subculture medium. A preliminary report from this laboratory, however, showed that different yeast extracts affected revival to varying degrees (8) . The present study was thus undertaken to investigate the nature of those factors, present in supplemented media, which were responsible for the revival of heat-damaged Escherichia coli.
In addition, the thermally induced death of bacteria suspended in yeast extract has been compared with that of cells in water.
MATERIALS AND METHODS
Organism. Details of the strain of E. coli, growth of cultures, preparation of washed suspensions coning 2 X 106 to 3 X 106 (or, in some experiments, about 4 X 108 to 5 X 108) viable cells/ml, and the heating procedure were described previously (8, 17) .
Viable-counting procedure. Samples of heated and unheated suspensions were removed, when required, and serially diluted in sterile water; 1-ml portions were then transferred to the recovery medium as rapidly as possible (20) . Viable counts were carried out by this pour-plate method, since, in contrast to the situation with phenol-treated bacteria (9, 10, 12) , for heated bacteria this technique is more satisfactory than the surface-viable method (1, 4, 8 6 .5 mg; glycine, 2.5 mg; histidine, 1 mg; isoleucine, 3 mg; leucine, 3.5 mg; lysine, 4 mg; methionine, 1 mg; phenylalanine, 2 mg; threonine, 3.5 mg; tyrosine, 0.5 mg; valine, 3.5 mg; nicotinic acid, 28 ,ug; and riboflavine, 2 ,g. In viable-7 counting procedures, five plates of each medium were made, and colonies were counted as described above.
Analyses of variance were made by the two-way 6 variance test, and the t test was used where necessary. Differences in colony counts within a medium were not significant (P = 0.05), but, where stated, were significant (P = 0.05) between media.
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Replica plating. Replica plating, to determine whether auxotrophic mutants had been formed, was E carried out by the method of Lederberg and Lederberg _ 4 (13). Colonies, from heated cells, on supplemented \ agar [i.e., synthetic agar containing 1% (w/v) yeast extract] were replicated onto minimal agar by means 3X of sterile velvet.
Heat treatment of cells in the presence of yeast ex-> tract. Yeast extract was used in these experiments at a cr concentration of 1% (w/v). The pH was adjusted°2-before use to conform to that of the water used. The initial number of viable bacteria per milliliter was about 2 X 108 to 3 X 108 in all cases. For the viable counts, samples from suspensions at 50, 55, or 60 C in water or yeast extract were removed and serially diluted in sterile water; 1 -ml portions were transferred ,_,_ ,_ ._ _ to petri dishes, to which were added 10 ml of nutrient 2 agar (Oxoid) containing 1% (w/v) yeast extract Higher colony counts were also obtained with the strain of E. coli used (Table 1 ). Figure 1 heated cells in nutrient agar no. 2 than in nutrient shows the survival curves of heated bacteria in agar (Fig. 2) . Differences in colony counts benutrient agar with and without added yeast ex-tween media were significant. Nutrient agar no. 2 tract. Differences in colony counts between media is richer in certain nutritional constituents than were significant. nutrient agar. Nutrient agar no. 2 containing A 1 % (w/v) concentration of yeast extract was yeast extract also gave higher colony counts than nutrient agar (Fig. 3) , and the differences between media were again significant. However, no further to be peculiar to this organism, for it has previously been found (5) that the exponential timesurvivor curve for Bacillus stearothermophilus spores heated in a killed-yeast suspension was less steep than for spores heated in water.
DiscUSSION
It has been shown in these experiments that Difco yeast extract appears to stimulate repair mechanisms in a proportion of thermally injured E. coli cells. It has not been possible to elucidate what factor(s) is responsible for this revival. Moreover, it must be remembered that the numbers of cells involved are small. However, vitamins are not implicated in the recovery process, a conclusion that is similar to that reached for frozen and stored suspensions of Aerobacter aerogenes and E. coli (14) and for irradiated suspensions of E. coli (18) .
The omission of methionine, lysine, and threonine [the first two of which were also found to be necessary for the revival of frozen and stored cells (14) ] from the synthetic recovery medium (Table 3 ) resulted in decreased survival, whereas the inclusion in synthetic agar of all those amino acids present in Difco yeast extract did not enhance recovery to the same extent as synthetic agar containing yeast extract. However, one puzzling feature of the results is that, whereas a "typical batch" of Casamino Acids (Vitamin Free, Difco) has a similar amino acid composition to yeast extract, the former product does not enhance recovery to the same extent ( Table 2 ). The addition of the five vitamins to the Casamino Acids product in synthetic agar, to give an amino acids plus vitamin mixture equivalent to that of yeast extract, likewise did not give a recovery equal to that of synthetic agar containing yeast extract. Thus, it is not possible to come to any firm conclusions concerning the amino acid requirements of heat-damaged cells.
It may, therefore, be concluded that the yeast extract provides an unknown factor(s) which is essential for the damaged cell to survive or to manufacture new cell constituents, or for both processes. Preliminary experiments have been carried out in which the yeast extract was fractionated by means of Sephadex columns. However, although the incorporation of the various fractions into the recovery medium affected the revival of heated cells, we have not been able to reach any firm conclusions as to what is responsible for increased revival. Moreover, nutrient agar no. 2, which is richer in nutrients than nutrient agar, also stimulated recovery. The addition of yeast extract to agar no. 2 did not enhance recovery to an even greater extent (Fig. 3) . Thus, the problem remains as to whether yeast extract is providing a specific, at present unidentified, factor, or whether revival takes place in any suitably nutritional (i.e., "nonspecific") medium.
Although the experiments on revival reported in this paper refer to cells heated at 50 C, the stimulating effect of Difco yeast extract on the revival of cells heated at higher temperatures (55 and 60 C) has also been observed.
Replica plating indicated that no auxotrophic mutants, i.e., bacteria requiring a growth factor not required by the unheated cells, had been formed as a result of heat treatment.
Bacteria which were heated at 50, 55, and 60 C in the presence of yeast extract were (17) , it is possible that this leakage is prevented or reduced with cells in the extract; proof for this hypothesis is as yet lacking. However, Demain (6) has found that yeast extract markedly increased cell yield in, but decreased leakage of RNA from, B. subtilis.
